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© Burn-in apparatus and method. 



© A burn-in apparatus for use in burn-in tests includes a burn-in test chamber for accommodating a plurality of 
semiconductor devices to be tested. The burn-in apparatus further includes measuring means (44) for detecting 
electric characteristics of temperature sensors (38) built in semiconductor devices (33*) to measure junction 
temperatures of the semiconductor chips (34 f ) built in the semiconductor devices. Based on outputs of the 
measuring means (44), control means controls electric power feed amounts to the integrated circuits (36) of the 
semiconductor chips and/or environmental temperatures in the burn-in test chambers. Thus, the junction 
temperatures are maintained in a set temperature range, and accuracy of screening tests can be improved. 

Fig 3 
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Background of the Invention 
(Field of the Invention) 

5 This invention relates to a burn-in apparatus and method which is used in burn-in tests (high 
temperature operating tests) in which temperature loads and electric loads are applied to semiconductor 
devices to be tested. 

(Related Background Art) 

w 

Burn-in tests are essential to the life estimation of semiconductor devices, and to the detection of infant 
mortality or early lifetime failures in screening processes. Generally, a burn-in test is conducted using burn- 
in boards 10 of FIG. 1 and a burn-in test chamber 12 of FIG. 2. Each burn-in board 10 includes a board 14 
of a heat resistant resin or the like. This board 14 has a plurality of sockets 16 provided thereon for 
is receiving DUTs (devices under test) or semiconductor devices (not shown), and external terminals 18 
provided on one end of the board 14 for the electrical contact to the outside. The board 14 has a handle 20 
provided on the opposite end for the manipulation of the burn-in board 10 by an operator. The terminals 
(not shown) of the sockets 16 are connected to the external terminals 18 by wirings 22 (partially shown in 
FIG. 1) on the board 14. 

20 Such burn-in boards 10 are set in the burn-in test chamber 12 as shown in FIG. 2, More specifically, the 
burn-in test chamber 12 comprises a box body 24 as a main body, a lid 26 attached to the box 24 by a 
hinge mechanism 28. and a board connector 30 provided in the box body 24. The board connector 30 has 
slits 32 for receiving the boards 14 of the burn-in board 10. When the boards 14 are inserted into the slits 
32 of the board connector 30, the external terminals 18 of the burn-in boards 10 and the terminals (not 

25 shown) of the board connector 30 are connected. Through this connection, an electric power is supplied to 
the semiconductor devices by a power supply means (not shown). Although not shown, the burn-in test 
chamber 12 includes a temperature adjusting means. The temperature adjusting means is generally in the 
form of a means for supplying heated air into the interior of the burn-in test chamber 12, or in the form of a 
heating means. 

30 An interior temperature of the burn-in test chamber 12. i.e., an environmental temperature T a of the 
atmosphere surrounding the semiconductor devices is measured by a temperature sensor (not shown) 
disposed near the inner surface of the wall of the box 24. The conventional burn-in test have been 
conducted by controlling the temperature adjusting means while monitoring measured temperatures (MIL- 
STD 883). But for the following reasons, such conventional art is insufficient to properly conduct the burn-in 

35 tests. 

In the conventional art. what can be monitored real time is an environmental temperature T a of 
semiconductor devices, and this environmental temperature T a does not agree with a surface temperature 
of the semiconductor chips constituting the semiconductor devices, especially with junction temperatures Tj 
at the pn junctions or Schottky junctions of the semiconductor chips. Since failures of semiconductor 

40 devices depend on these junction temperatures Tj, for the efficient estimation of lives of semiconductor 
devices and the efficient detection of early lifetime failures of semiconductor devices without applying 
overloads to proper devices, it is preferable to conduct burn-in tests within a set junction temperature Tj 
range. In the conventional burn-in tests, a junction temperature Tj is estimated based on a measured 
environmental temperature T a , and burn-in tests is conducted based on the estimated junction temperature. 

45 But it needs very complicated operations to check relationships between an environmental temperature T a 
and a junction temperature T jt and different estimating operations are needed in accordance with different 
sizes types and specifications of semiconductor devices to be tested. Accordingly, it has been difficult to 
conduct simple burn-in tests with high precision. Additionally, the environmental temperature T a varies 
depending on locations in the burn-in test chamber 12. and heat generation amounts of respective 

so semiconductor devices to be tested are not the same either. Therefore, it has not been easy to screen a 
number of semiconductor devices under uniform conditions. 

Summary of the Invention 



55 An object of this invention is to provide a burn-in apparatus and method which can control, with high 
precision, junction temperatures of the semiconductor chips of a plurality of semiconductor devices which 
are burn-in tested at the same time, and can conduct accurate screening tests. 

To achieve this object, a burn-in apparatus according to this invention comprises: at least one burn-in 
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board for mounting a plurality of semiconductor devices having semiconductor chips built in; a burn-in test 
chamber for accommodating the burn-in board; electric power supplying means for supplying an electric 
power to the respective semiconductor chips; measuring means for detecting electric characteristics of 
temperature sensors formed on at least a part of the semiconductor chips to measure junction temperatures 

5 of said at least a part of the semiconductor chips; and control means for controlling the electric power 
supplying means, based on outputs of the measuring means. 

In this arrangement, the heat generation amounts of the semiconductor chips can be suitably controlled 
to maintain the junction temperatures within a desired range. 

Also, this invention is directed to a burn-in method comprising: the step of positioning at least one burn- 

/o in board with a plurality of semiconductor devices in a burn-in test chamber, the semiconductor devices 
incorporating semiconductor chips; the step of supplying an electric power to the semiconductor chips; the 
step of detecting electric characteristics of temperature sensors formed on at least a part of semiconductor 
chips to measure junction temperatures of said at least a part of the semiconductor chips; and the step of 
controlling electric power supplied to the semiconductor chips, based on measured results of the junction 

/5 temperatures. 

According to another aspect of this invention, a burn-in apparatus comprises: at least one burn-in board 
for mounting a plurality of semiconductor devices having semiconductor chips built in; a burn-in test 
chamber for accommodating the burn-in board; temperature adjusting means provided in the burn-in test 
chamber for adjusting an environmental temperature in the burn-in test chamber; measuring means for 

20 detecting electric characteristics of temperature sensors formed on at least a part of the semiconductor 
chips to measure junction temperatures of said at least a part of the semiconductor chips; and control 
means for controlling the temperature adjusting means, based on outputs of the measuring means. 

By suitably controlling the environmental temperature in the burn-in test chamber on the basis of the 
measured junction temperatures of the respective semiconductor devices, the junction temperature can be 

25 maintained within a desired temperature range. 

Also, this invention involves a burn-in method comprising: the step of positioning at least one burn-in 
board with a plurality of semiconductor devices in a burn-in test chamber, the semiconductor devices 
incorporating semiconductor chips; the step of detecting electric characteristics of temperature sensors 
formed on at least a part of the semiconductor chips to measure junction temperatures of said at least a 

30 part of the semiconductor chips; and the step of controlling an environmental temperature in the burn-in test 
chamber, based on measured results of the junction temperatures. 

The present invention will become more fully understood from the detailed description given herein- 
below and the accompanying drawings which are given by way of illustration only, and thus are not to be 
considered as limiting the present invention. 

35 Further scope of applicability of the present invention will become apparent from the detailed 
description given hereinafter. However, it should be understood that the detailed description and specific 
examples, while indicating preferred embodiments of the invention, are given by way of illustration only, 
since various changes and modifications within the spirit and scope of the invention will become apparent to 
those skilled in the art form this detailed description. 

40 

Brief Description of the Drawings 

In the course of the following detailed description, reference will be made to the attached drawings in 
which: 

45 FIG. 1 is a perspective view of the typical burn-in board used in burn-in tests; 

FIG. 2 is a partially broken perspective view of a burn-in test chamber with a plurality of the burn-in 
boards disposed therein; 

FIG. 3 is a schematic view of the burn-in apparatus according to a first embodiment of this invention; 
FIG. 4 is a perspective view of a socket for receiving a semiconductor device; 
so FIG. 5 is a sectional view of the socket of FIG. 4; 

FIG. 6 is a perspective view of a semiconductor chips constituting the semiconductor device; 

FIG. 7 is an l-V characteristic curve of a temperature detection diode built in the semiconductor chip at a 

certain temperature; 

FIG. 8 is a flow chart of a first junction temperature measuring method; 
55 FIG. 9 is a flow chart of a second junction temperature measuring method; 

FIG. 10 is a schematic view of the burn-in apparatus according to a second embodiment of this 
invention; 

FIG. 1 1 is a flow chart of a first method for controlling an electric power supplying means used in the 
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burn-in apparatus of FIG. 10: 

FIG. 12 is a flow chart of a second method for controlling the electric power supplying means used in the 
burn-in apparatus of FIG. 10; 

FIG. 13 is a flow chart of a third method for controlling the electric power supplying means used in the 



FIG. 14 is a flow chart of a method for controlling temperature adjusting means used in the burn-in 
apparatus of FIG. 10; 

FIG. 15 is a view of a simulation of the method for controlling the temperature adjusting means; and 
FIG. 16 is a graph of an experimental result of a relationship between TC value and n value. 

w 

Detailed Description of the Preferred Embodiment 

In the following description, like reference numerals designate like or corresponding parts throughout 
the several views. 

/s FIG. 3 is a schematic view of the burn-in apparatus according to a first embodiment of this invention. 
The burn-in apparatus according to the first embodiment comprises the same burn-in test chamber 12 
including a box body and a lid as the above-described conventional burn-in test chamber (see FIG. 2). In 
the burn-in test chamber 12, there is provided a temperature adjusting unit 40 for adjusting an environmen- 
tal temperature in the burn-in test chamber 12 by blowing heated air, or heating by a heater. 

20 In this burn-in test chamber 12, a plurality of burn-in boards (not shown) are disposed, and a plurality of 
semiconductor devices 33, 33* are mounted on each burn-in board by means of sockets (not shown). 

Any suitable socket for setting the semiconductor device on the burn-in board 10 can be used. FIGs. 4 
and 5 show a preferred example of a socket 16 for set the semiconductor device 33 on the burn-in board 
10. Each socket 16 fixed on the burn-in board comprises a base 70 and a lid 72 connected to the base 70 

25 openably by a hinge 74. When a lever 76 attached to the lid 72 is locked with a hook 78 formed on the 
base 70, the base 70 is closed by the lid 72. In the central portion of the base 70, there is formed a cross- 
shaped concavity 80. A plurality of terminals 82 are provided on the bottoms of the arm portions of the 
concavity 80. One ends of the respective terminals 82 are projected from the underside of the base 70 to 
be connected to the wirings (not shown) on the burn-in board 10. A through-hole 84 is formed in the central 

30 portion of the cross-shaped concavity 80. A heat conducting member 86 is secured by a screw 88 to the 
central portion of the lid 72. This member 86 comprises a flat panel 90 on the side of the lid 72 to be 
opposed to the base 70, and heat radiation panels 92 formed integrally with the flat panel 90 and extended 
through the lid 72. 

The semiconductor device 33 has a plurality of terminals 39 provided on the underside thereof. These 

35 terminals 39 are brought into contact with corresponding terminals 82 of the socket 16 when the 
semiconductor device 33 is mounted in the socket 16. When the semiconductor device 33 is placed in a 
concavity 80 and the lid 72 is closed, the flat panel 90 of the heat conducting member 86 is brought into 
contact with the top surface of the semiconductor device 33 so that the heat of the semiconductor device 
33 or semiconductor chip 34 can be conducted and radiated. 

40 All the semiconductor device 33, 33' include semiconductor chips 34 having integrated circuits 36 built 
in, respectively. In this embodiment, one 33* of the semiconductor devices 33, 33' additionally has a 
temperature detection diode 38 as a temperature sensor formed on the built-in semiconductor chip 34V This 
semiconductor device 33* having the temperature detection diode 38 is set at a position where a highest 
environmental temperature T a is present in the burn-in test chamber 12. 

45 The position where a highest environmental temperature T a is established in the burn-in test chamber 
12 is usually an upper location where the heated air tends to stagnate. Accordingly, it is easy to find such 
location on the basis of positions and shapes of outlet nozzles of the heated air. 

In a burn-in test, an electric load is separately applied to the integrated circuits of the respective 
semiconductor chips 34, 34' by electric power supplying means 42, and electric characteristics (especially 

so changes of a forward voltage (threshold voltage) V F ) of the temperature detection diode 38 of the 
semiconductor chip 34' are monitored by temperature detecting unit 44, so that a junction temperature T\ of 
the semiconductor chip 34' is measured, the measurement of this junction temperature T ( is conducted in 
the following way. 

In measuring electric characteristics of the temperature detection diode 38, a junction temperature of 
55 the temperature detection diode 38 is measured. The heat resistance of the semiconductor chip 34* is 
sufficiently smaller than heat resistances of its ambient substances (air, or molding materials), and the 
following relationships are given. 

(A junction temperature of the temperature detection diode 38) « (A junction temperature of the 
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burn-in apparatus of FIG. 10; 
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70 



integrated circuit 36) = Tj 

Hereinafter both junction temperatures are represented commonly by Tj. 

FIG. 6 shows a perspective view of the semiconductor chip 34' involved in the above-described 
embodiment. FIG. 7 is a graph of an l-V characteristic of the temperature detection diode 38 at a 
temperature. As shown in FIG. 6, on the semiconductor chip 34\ there are formed the integrated circuit 36. 
the temperature detection diode 38, a power supply pad 35 connected to the integrated circuit 36 and 
monitoring pads 37 connected to the anode and the cathode of the temperature detection diode 38. This 
semiconductor chip 34' is packaged in a flat package or a leadless chip-carrier (LCC) as a semiconductor 
device 33' to be burn-in tested. The temperature monitoring for this semiconductor chip 34* is based on the 
observation of an IV characteristic of the temperature detection diode 38. That is, the forward voltage V F of 
the l-V characteristic of FIG. 7 changes substantially linearly with respect to junction temperatures in a 
range of junction temperatures exhibited in a burn-in test of the semiconductor device. This relationship is 
approximately expressed by the following Formula 1. 



75 



TC • T + V, 



F0 



(1) 



V F : Forward voltage of a temperature detection diode 
TC : Temperature coefficient of V F value 
20 Tj : Junction temperature of a semiconductor device or chip to be tested 
V F0 : Constant given for each semiconductor device or chip to be tested 
A current flowing through the temperature detection diode 38 when a forward voltage V F is applied thereto 
is so trivial that the temperature detection diode does not contribute much to increases of a junction 
temperature. When the forward voltage V F is measured with the integrated circuit 36 unfed, a junction 
25 temperature T| agrees with an environmental temperature. 

A first temperature measurement technique uses the above-described property, and the flow chart of 
this technique is .shown in FIG. 8. First, .values of a forward voltage V F are measured at different 
environmental temperatures with the integrated circuit 36 unfed (Step 101). Based on the measured values 
of the forward voltage and Formula 1 . a value of a constant Vpo of the forward voltages V F . and a value of a 
30 temperature coefficient TC of the forward voltages V F are given (Step 102). Following this preparation, a 
burn-in test is started, and during the burn-in test, temperatures of the semiconductor chips 34' are 
accurately detected. That is. semiconductor chips 34* are mounted on the burn-in apparatus, and while the 
integrated circuits 36 are in operation with a current supplied to. values of the forward voltages V F are 
measured (Step 103). Values of the junction temperatures Tj are given based on the value of the constant 
35 V F0 . the value of the temperature coefficient TC. and measured values of forward voltages V F (Step 104). 

Also, the following second junction temperature measurement technique can give measured values of 
precision as high as the first technique. 

FIG. 9 shows the flow chart of the second junction temperature measurement technique. First, a value 
of a constant V FO of a temperature detection diode 38 formed on the semiconductor chip 34', and an ideal 
40 value n thereof are given .at the room temperature (Step 201). Here, a forward current l F of the Schottky 
type temperature detection diode 38 is given by the following Formula 2. 



45 



i,.*nw(-#) 




(2) 



S : Schottky junction area 
A*: Effective Richardson constant 
T : Absolute temperature 
50 k : Boltzmann constant 
q : Electron charge 
<p Q : Barrier height 
n : Ideal factor 

A forward threshold voltage V F of the temperature detection diode 38 and an ideal factor n thereof can be 
55 given based on an l-V characteristic of the temperature detection diode 38. A temperature coefficient TC of 
the temperature detection diode 38 is given by the following Formula 3. 
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(3) 
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Variations of a value of the second term in the parentheses of Formula 3 are sufficiently small in the 
junction temperature range of burn-in tests, so that the TC value is almostly proportional to the n value. This 
relation between TC and n was confirmed by an experimental result shown in FIG. 16. 

A temperature coefficient TC of the forward voltage V F is given by Formula 1 and 2 (Step 202) to detect 
an accurate temperature of the semiconductor chip 34* during a burn-in. That is, semiconductor chips 34 
are mounted on the burn-in apparatus, and while the integrated circuits 36 are in operation with a current 
supplied to, values of the forward threshold voltages V F are measured (Step 203). Then, based on the value 
of the constant V F o given at the room temperature, the values of the threshold voltages V F given real time 
during a burn-in, and a value of the ideal factor n t junction temperatures Tj of the temperature detection 
diodes 38. i.e. surface temperatures of the semiconductor chips 34\ are given real time (Step 204). 

Here FIG. 3 is again referred to. The burn-in apparatus according to this invention includes control 
device 46. This control device 46 controls the electric power supplying unit 42 based on a monitor result of 
the temperature detecting unit 44 to control electric power feed amounts to the integrated circuits 36 of all 
the semiconductor chips 34, 34* in an allowable range. To this end, the control device 46 stores an 
allowable range of the junction temperature Tj for a burn-in test, and is so programmed that the electric 
power supplying unit 42 is suitably controlled based on a result of a comparison between the stored 
allowable temperature range and a monitor result. 

The method for controlling the electric power supplying unit 42 will be explained in more detail. In the 
case that the control device 46 recognizes based on a monitor result of the temperature detecting unit 44 
that a junction temperature T ( of the semiconductor chip 34 1 of the semiconductor device 33* has exceeded 
a set allowable maximum temperature, the electric power amounts supplied to all the semiconductor chips 
34, 34* are decreased to lower junction temperatures Tj of the respective semiconductor chips 34, 34V A 
junction temperature T, of the semiconductor Chip 34* with the temperature detection diode 38 is higher 
than junction temperatures Tj of the other semiconductor chips 34, because the semiconductor chip 34* is 
located at a position where an environmental temperature is highest. Accordingly, by lowering junction 
temperatures Tj of all the semiconductor chips 34, 34* as a whole, the semiconductor chips 34, 34' do not 
have junction temperatures above the allowable temperature range. 

Thus, screening test are prevented from being reduced to different purposes, and accurate screening is 
enabled. 

In the above-description, the temperature detection diode 38 is provided on one semiconductor chip 
34\ but the temperature detection diode 38 may be provided on each of the semiconductor chips 34, and 
that of the semiconductor chip having a highest junction temperature may be monitored. 

Also, as a method for lowering junction temperatures T if it is possible that the temperature adjusting unit 
40 for adjusting an environmental temperature T a is controlled to lower an environmental temperature T a as 
a whole. 

FIG. 10 is a schematic ' view of the burn-in apparatus according to a second embodiment of this 
invention. The second embodiment is the same as the first embodiment except that the temperature 
detection diode 38 as the temperature sensor is provided on each of the semiconductor chips 34, and 
junction temperatures of the respective temperature detection diodes 38 are measured by the temperature 
detecting unit 44. 

In this second embodiment, the control device 46 is programmed so as, when monitored junction 
temperatures Tj contain a junction temperature outside an allowable temperature range, to control electric 
power supplying unit 42 to adjust an electric power feed amount to the semiconductor chip 33 having such 
junction temperature is adjusted. 

A method for controlling the electric power supplying unit 46 used in the second embodiment will be 
explained in more detail with reference to the flow chart of FIG. 1 1 . An allowable junction temperature range 
or a suitable test temperature is set by an operator and is stored in a memory of the control device 46 (Step 
301 ). When a burn-in test is started, electric characteristics of the respective temperature detection diodes 
38 are individually monitored by the temperature detecting unit 44, and junction temperatures 1\ of the 
respective semiconductor chips 34 (Step 302). The actually measured values of the junction temperatures 
Tj of the respective semiconductor chips 34 and the set allowable temperature range are compared by the 
control device 46 (Step 303). An electric power supplied to that of the semiconductor chips 34 whose 
monitored junction temperature is below the set allowable temperature range is increased (Step 304). and 
an electric power supplied to that of the semiconductor chips whose monitored junction temperature is 
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below the set allowable temperature is decreased (Step 305). For example, in the case a set allowable 
temperature range is 145 - 155'C, if a first semiconductor chip has a junction temperature of 140 # C. and a 
second semiconductor chip has a junction temperature of 160* , an electric power to the first semiconductor 
chip is increased, and that to the second semiconductor chip is decreased. It should be noted that 

5 increases and decreases of an electric power is within an allowable range for a burn-in test. When an 
electric power is increased, a heat generation amount of the associated integrated circuit 38 is increased, 
and the junction temperature Tj is raised to the set allowable temperature range. When an electric power is 
decreased, a heat generation amount of the integrated circuit 38 is decreased, and the junction temperature 
Tj is lowered to the set allowable temperature range. Steps 302 - 305 are repeated, whereby the junction 

to temperatures Tj are maintained within the set allowable temperature range. 

In the case that junction temperatures T f of a plurality of semiconductor chips 34 are outside an 
allowable temperature range as described above, a burn-in test does not have to be conducted at 
unnecessarily high temperatures, because an electric power feed amount is controlled for the respective 
semiconductor chips. Accordingly, accurate screening is enabled. 

is It should be noted that decreases and increases of an electric power feed amount may be made 
beyond an allowable feed amount range in burn-in tests for the purpose of finding failures which do not 
depend on electric power feed amounts. 

In the second embodiment, the temperature detection diode 38 is formed on each of the semiconductor 
chips 34, but may be formed on at least two of the semiconductor chips, preferably on that at a location 

20 where an environmental temperature is lowest, and also on that at a location where the environmental 
temperature is highest. In this case, it is necessary that junction temperatures of the semiconductor chips at 
other locations are estimated based on a difference between monitored temperatures of the two semicon- 
ductor chips, and based on an estimation result, an electric power is controlled for the respective 
semiconductor chips. 

25 In the case that the temperature detection diodes 38 are provided on all the semiconductor chips as 
shown in FIG. 10. the following method for controlling the electric power supplying unit 42 can be applied. 

As shown in the flow chart of FIG. 12, an allowable junction temperature range or a suitable test 
temperature is set by an operator and is stored in a memory of the control device 46 (Step 401 ). When a 
test is started, electric characteristics of respective temperature detection diodes 38 are individually 

30 measured, and junction temperatures Tj of the respective semiconductor chips 34 are individually monitored 
(Step 402). A measured value of the junction temperature Tj of each semiconductor chip 34 is compared 
with the set allowable temperature range (Step 403). Those of the semiconductor chips 34 whose measured 
junction temperatures are below the set allowable temperature range are continuously fed with an electric 
power, and the electric power supply is stopped to those of the semiconductor chips 34 whose measured 

35 junction temperatures T ( are above the set allowable temperature range (Step 404). After the electric power 
supply is stopped, the monitor of the junction temperatures are continued (Step 405). When the junction 
temperatures Tj have lowered to the set allowable temperature range, the electric power supply is resumed 
to the semiconductor chips 34 (Step 406). Thus, the ON/OFF of the electric power supply to those of the 
semiconductor chips whose junction temperatures have risen above the set allowable temperature range is 

40 controlled so that a burn-in test is conducted in a suitable temperature range. Accordingly; accurate 
screening can be conducted. It is preferable that a time of a pause of the electric power supply is omitted 
from a time of a screening test, and to this end, it is preferable that a time of a pause of the electric power 
supply is individually monitored. 

As shown in the flow chart of FIG. 13, in the case that a junction temperature Tj of one of the 

45 semiconductor chips 34 is judged to be above a set allowable maximum temperature (Step 503), it is 
possible that the electric power supply to all the semiconductor chips 34 are stopped (Step 504). When 
such high junction temperature has fallen to the set suitable test temperature following a pause of the 
electric power supply, the electric power supply to all the semiconductor chips 34 are resumed (Steps 505, 
506). Since Steps 401 and 402 of the flow chart of FIG. 13 are the same as Steps 401 and 402 of the flow 

so chart of FIG. 14, their explanation is omitted. 

Thus, the electric power supply to all the semiconductor chips 34 is paused, whereby a burn-in- test is 
paused. Consequently, a burn-in test is prevented from being reduced to different proposes, and accurate 
screening is enabled. 

In the case that the ON/OFF of the electric power supply to all the semiconductors 34 is controlled, it is 
55 not necessary that each of the semiconductor chips 34 has the temperature detection diode 38. Instead, it 
is possible that the temperature detection diode 38 is formed on the semiconductor chip of a semiconductor 
device to be set at a location where a high environmental temperature T a is expected, and the semiconduc- 
tor chip is monitored. 
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It is also possible that the temperature adjusting unit 40 is controlled to increase and decrease an 
environmental temperature T a in the burn-in test chamber 12, whereby junction temperatures of the 
semiconductor chips 34 are adjusted. 

FIG. 14 is a flow chart of such control method. Similarly with the above-described embodiment, a 

5 suitable temperature range for a burn-in test is set by an operator and is stored in a memory of the control 
device 46 (Step 601). After the test is started, electric characteristics of a plurality of temperature detection 
diodes 38 are measured to monitor junction temperatures Tj of the respective semiconductor chips 34 (Step 
602), The number or ratio of those of the semiconductor chips 34 whose junction temperatures Tj are 
outside the set suitable temperature range is measured, and the number or ratio of those of the 

io environmental temperature T a is changed is simulated (Step 603). 

Then, it is checked whether an ideal environmental temperature at which the number or ratio of those of 
the semiconductor chips 34 which is within the set suitable temperature range becomes maximum is higher 
or lower than the present environmental temperature (Step 604). Based on a given temperature condition, 
the temperature adjusting unit 40 is controlled to raise the present environmental temperature (Step 605) or 

/s lower the present environmental temperature (Step 606). Steps 605 and 606 are repeated to maintain an 
ideal condition in which the number of those of the semiconductor chips whose junction temperatures Tj are 
in the set suitable temperature range. 

FIG. 15 shows the above-described simulation in a graph. That is. in FIG. 15, the monitored junction 
temperatures T t are taken on the horizontal axis, and the numbers of the semiconductor chips are taken on 

20 the vertical axis. The numbers or ratios of those of the semiconductor chips whose junction temperatures Tj 
are in the set suitable temperature range at three environmental temperature ranges T a1f T^, T a3 are shown. 
Here it is assumed that at the environmental temperature T al the ratio is 65%. that at the environmental 
temperature T a2 is 85%, and that at the environmental temperature T a3 is 60%. In this case, when the 
present environmental is T a1 , the control is conducted to raise this environmental temperature, and when the 

25 present environmental temperature is T a3 . the control is performed to lower this environmental temperature. 
Thus, a screening test is prevented from being reduced to a different purpose, and accurate screening 
is enabled. Since the environmental temperature T a of the interior of the burn-in test chamber 12 varies at 
locations in the chamber 12 depending on mounted positions of the temperature adjusting unit 40 or others, 
some of the semiconductor devices 33 are surrounded by a too high temperature, and others of the 

30 semiconductor devices 33 are surrounded by a too low temperature. In this embodiment, the temperature 
adjusting unit 40 is so controlled that a largest number of the semiconductors have a suitable junction 
temperature. Accordingly, accurate screening can be conducted. 

The junction temperature monitoring does not have to be conducted on all the semiconductor chips, but 
it is possible to monitor junction temperatures of only those of the semiconductor chips at locations where a 

35 large environmental temperature difference is expected. 

The temperature sensors used in this invention are not limited to temperature detection diodes, such as 
Schottky junction diodes, formed on the semiconductor chips separately from the integrated circuits, and 
instead may use diodes or transistors built in the integrated circuits. Otherwise. NiCr or WSi metal film 
resistors may be formed on the semiconductor chips. 

40 From the invention thus described, it will be obvious that the invention may be varied in many ways. 
Such variations are not to be regarded as a departure from the spirit and scope of the invention, and all 
such modifications as would be obvious to one skilled in the art are intended to be included within the 
scope of the following claims. 

45 Claims 

1. A burn-in apparatus comprising: 

at least one burn-in board for mounting a plurality of semiconductor devices having semiconductor 
chips built in; 

so a burn-in test chamber for accommodating said burn-in board; 

electric power supplying means for supplying an electric power to the respective semiconductor 

chips; 

measuring means for detecting electric characteristics of temperature sensors formed on at least a 
part of the semiconductor chips to measure junction temperatures of said at least a part of the 
55 semiconductor chips; and 

control means for controlling said electric power supplying means, based on outputs of said 
measuring means. 
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2. A burn-in apparatus comprising: 

at least one burn-in board for mounting a plurality of semiconductor devices having semiconductor 
chips built in; 

a burn-in test chamber for accommodating said burn-in board; 
5 temperature adjusting means provided in said burn-in test chamber for adjusting an environmental 

temperature in said burn-in test chamber; 

measuring means for detecting electric characteristics of temperature sensors formed on at least a 
part of the semiconductor chips to measure junction temperatures of said at least a part of the 
semiconductor chips; and 

w control means for controlling said temperature adjusting means, based on outputs of said measur- 

ing means. 

3. A burn-in apparatus according to claim 1 , wherein 

said measuring means detects electric characteristics of said temperature sensor on one of the 
/5 semiconductor chips at a location where an environmental temperature rises to be highest in said burn- 
in test chamber to measure a junction temperature of the semiconductor chip; and 

said control means controls said electric power supplying means to adjust electric power amounts 
to all the semiconductor chips so that the junction temperature is in a set temperature range. 

20 4. A burn-in apparatus according to claim 1 , wherein 

said measuring means detects electric characteristics of said temperature sensors on at least two 
of the semiconductor chips to measure junction temperatures of said at least two semiconductor chips; 
and 

said control means controls said electric power supplying means to selectively adjust electric 
. 25 power amounts to all the semiconductor chips so that the junction temperatures are in a set 
temperature range. 

5. A burn-in apparatus according to claim 1 wherein 

said measuring means detects electric characteristics of said temperature sensors on all the 
30 semiconductor chips to measure junction temperatures of the respective semiconductor chips; and 

said control means controls said electric power supplying means so that when one of the junction 
temperatures is above a maximum temperature of a set temperature range, electric power supply to the 
semiconductor chip having the junction temperature above the maximum temperature is stopped, and 
when the junction temperature falls in the set temperature range, the electric power supply to the 
35 semiconductor chip is resumed. 

6. A burn-in apparatus according to claim 1 wherein 

said measuring means detects electric characteristics of said temperature sensors on at least two 
of the semiconductor chips to measure junction temperatures of said at least two semiconductor chips; 
40 and 

said control means controls said electric power supplying means so that when one of the junction 
temperatures is above a maximum temperature of a set temperature range, electric power supply to all 
the semiconductor chips is stopped, and when the junction temperature falls in the set temperature 
range, the electric power supply to ail the semiconductor chips is resumed. 

45 

7. A burn-in apparatus according to claim 1 or 2, wherein said temperature sensor is a Schottky junction 
diode formed on the semiconductor chip. 

8. A burn-in apparatus according to claim 1 or 2, wherein said temperature sensor is a pn junction diode 
so formed on the semiconductor chip. 

9. A burn-in apparatus according to claim 1 or 2, wherein said temperature sensor is a transistor formed 
on the semiconductor chip. 

55 10. A burn-in apparatus according to claim 1 or 2, wherein said temperature sensors is a metal film resistor 
formed on the semiconductor chip. 

11. A burn-in apparatus according to claim 1 or 2, wherein said measuring means applies various voltages 
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to said temperature sensors to measure a voltage value to produce a specific current value, .whereby 
junction temperatures are measured. 

12. A burn-in apparatus according to claim 1, comprising temperature adjusting means for adjusting an 
environmental temperature in said burn-in test chamber, wherein said control means controls said 
temperature adjusting means, based on the outputs of said measuring means. 



13. A burn-in apparatus according to claim 2, wherein 

said measuring means detects electric characteristics of said temperature sensor on one of the 
w semiconductor chips at a location where an environmental temperature in the burn-in test chamber 
rises to be highest to measure a junction temperature of the semiconductor chip; and 

said control means controls said temperature adjusting means to adjust the environmental tempera- 
ture so that the junction temperature is in a set temperature range. 

75 14. A burn-in apparatus according to claim 2, wherein 

said measuring means detects electric characteristics of said temperature sensors on at least two 
of the semiconductor chips to measure junction temperatures of said at least two semiconductor chips; 

said control means includes simulation means for simulating, based on the junction temperatures, a 
relationship between an environmental temperature and the number or ratio of the semiconductor chips 
20 having junction temperatures in a set temperature range so as to give, based on the simulation result, 
an ideal environmental temperature at which the number or ratio of the semiconductor chips having 
junction temperatures in the set temperature range is maximum; and 

said control means controls said temperature adjusting means to adjust the environmental tempera- 
ture to be the ideal environmental temperature. 

25 

15. A burn-in apparatus according to claim 2, comprising electric power supplying means for supplying an 
electric power to the semiconductor chips, wherein said control means controls said electric power 
supplying means, based on outputs of said measuring means. 

30 16. A burn-in method comprising: 

the step of positioning at least one burn-in board with a plurality of semiconductor devices in a 
burn-in test chamber, the semiconductor devices incorporating semiconductor chips; 
the step of supplying an electric power to the semiconductor chips; 

the step of detecting electric characteristics of temperature sensors formed on at least a part of 
35 semiconductor chips to measure junction temperatures of said at least a part of the semiconductor 
chips; and 

the step of controlling electric power supplied to the semiconductor chips, based on measured 
results of the junction temperatures. 



40 17. A burn-in method comprising: 

the step of positioning at least one burn-in board with a plurality of semiconductor devices in a 
burn-in test chamber, the semiconductor devices incorporating semiconductor chips; 

the step of detecting electric characteristics of temperature sensors formed on at least a part of the 
semiconductor chips to measure junction temperatures of said at least a part of the semiconductor 
45 chips; and 

the step of controlling an environmental temperature in said burn-in test chamber, based on 
measured results of the junction temperatures. 

1a A bum-in method according to claim 16, wherein electric characteristics of said temperature sensor 
so formed on one of the semiconductor chips at a location where an environmental temperature rises to be 
highest in the burn-in test chamber; and 

an electric power supplied to all the semiconductor chips are' controlled so that the junction 
temperatures are in a set temperature range. 

55 19. A burn-in method according to claim 16, wherein electric characteristics of said temperature sensors on 
at least two of said semiconductor chips are detected to measure junction temperatures of said at least 
two semiconductor chips; and 

an electric power supplied to all the semiconductor chips are selectively controlled so that the 
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junction temperatures are in a set temperature range. 

20. A burn-in method according to claim 16, wherein electric characteristics of said temperature sensors on 
all the semiconductor chips are individually detected to measure junction temperatures of the semicon- 
ductor chips; and 

when one of the junction temperatures is above a maximum temperature of a set temperature 
range, electric power supply to the semiconductor chip having the junction temperature above the 
maximum temperature is stopped, and when the junction temperature falls in the set temperature 
range, the electric power supply to the semiconductor chip is resumed. 

21. A burn-in method according to claim 16. wherein 

electric characteristics of said temperature sensors on at least two of the semiconductor chips to 
measure junction temperatures of said at least two semiconductor chips; and 

when one of the junction temperature is above a maximum temperature of a set temperature range, 
electric power supply to all the semiconductor chips is stopped, and when the junction temperature 
falls in the set temperature range, the electric power supply to of all the semiconductor chips is 
resumed. 

22. A burn-in method according to claim 16, wherein 

temperature adjusting means provided in the burn-in test chamber for adjusting an environmental 
temperature in the burn-in test chamber is controlled to adjust junction temperatures of the semicon- 



23. A burn-in method according to claim 16 or 17, wherein junction temperature of each semiconductor 
chip is derived from the electric characteristics of said temperature sensors associated with the 
semiconductor chip, based on required parameters. 

24. A burn-in method . according to claim 23. wherein said temperature sensors are Schottky junction 
diodes, the parameters for each temperature sensor for deriving a junction temperature thereof are an 
applied voltage at a specific junction temperature for causing a trifle current of a specific value to flow, 
and a temperature coefficient of the applied voltage, and the parameters are given by measuring at 
various environmental temperatures with the semiconductor devices unfed for causing the trifle current 
of the specific value to flow. 

25. A burn-in method according to claim 23. wherein said temperature sensors are Schottky junction 
diodes, the parameters for each temperature sensor for deriving a junction temperature thereof are an 
applied voltage at a specific junction temperature for causing a trifle current to flow, and a value of n in 
the following Formula, and the parameters are given by measuring, with the semiconductor devices 
unfed, applied voltages at the room temperature for causing trifle currents of various values, and using 
a relationship expressed by the following Formula. 



If: 


Forward current 


V F : 


Forward voltage 


S: 


Schottky junction area 


A* : 


Effective Richardson constant 


T: 


Absolute temperature 


k : 


Boltzmann constant 


q : 


Electron charge 


<t>B : 


Barrier height 



26, A burn-in method according to claim 23. wherein said temperature sensors are pn junction diodes, and 
the parameters for each temperature sensor for deriving a junction temperature thereof are an applied 
voltage at a specific junction temperature for a trifle current of a specific value to flow, and a 
temperature coefficient of the applied voltage, and the parameters are given by measuring, with the 



ductor chips. 
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semiconductor devices unfed, applied voltages for causing the trifle current of the specific value to flow 
at various environmental temperatures. 

27. A burn-in method according to claim 23, wherein said temperature sensors are transistors, the 
parameters for deriving junction temperatures of the respective temperature sensors are an applied 
voltage at a specific junction temperature for causing a trifle current of a specific value, and a 
temperature coefficient of the applied voltage, and the parameters are given by measuring, with the 
semiconductor devices unfed, applied voltages for causing the trifle current of the specific value to flow 
at various environmental temperatures. 

28. A burn-in method according to claim 23, wherein said temperature sensors are a metal film, the 
parameters for deriving a junction temperature of each temperature sensor are an applied voltage at a 
specific junction temperature for causing a trifle current of a specific value to flow, and a temperature 
coefficient of the applied voltage, and the parameters are given by measuring, with the semiconductor 
devices unfed, applied voltages for causing the trifle current of the specific value to flow at various 
environmental temperatures. 

29. A burn-in method according to claim 1 7, wherein 

electric characteristic of said temperature sensor on one of the semiconductor chips at a location 
where an environmental temperature in the burn-in test chamber rises to be highest to measure a 
junction temperature of the semiconductor chip; and 

the step of controlling the environmental temperature so that the junction temperature is in a set 
temperature range. 

30. A burn-in method according to claim 1 7, wherein 

electric characteristics of said temperature sensors on at least two of the semiconductor chips are 
detected to measure junction temperatures of said at least two semiconductor chips; 

based on the junction temperatures, a relationship between an environmental temperature and the 
number or ratio of the semiconductor chips having junction temperatures in a set temperature range so 
as to give, based on the simulation result, an ideal environmental temperature at which the number or 
ratio of the semiconductor chips having junction temperatures in the set temperature range is 
maximum; and 

control is conducted so that the environmental temperature becomes the ideal environmental 
temperature. 
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Fig. 6 
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Fig. 8 
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Fig. 9 



MEASUREMENT OF Vfo AND 
n-VALUE FOR TEMPERATURE 
SENSOR DIODE AT R.T. 



20I 



DETERMINATION OF TEMPERATURE 
COEFFICIENT(TC) OF Vf 



202 



MEASUREMENT OF Vf UNDER 
OPERATION OF SENSOR DIODES 



203 



CALCULATION OF SURFACE 
TEMPERATURE WITH 
Vfo. Vf AND TC- VALUE 



204 



EP 0 523 736 A1 




EP 0 523 736 A1 



Fig. 1 1 

✓ 30! 



SET SUITABLE TEST TEMPERATURE RANGE| 




^302 




MONITOR TEMPERATI 


JRES OF ALL CHIPS I 



303 



COMPARE MONITORED 
TEMPERATURES OF ALL CHIPS 
WITH SET SUITABLE TEST 
TEMPERATURE RANGE 



BELOW SET 
RANGE 



i 



304 



INCREASE ELECTRIC 
POWER TO THE CHIPS 



IN SET 
RANGE 



ABOVE SET 
RANGE 



I 



305 



DECREASE ELECTRIC 
POWER TO THE CHIPS 



\ 



EP 0 523 736 A1 



Fig. 12 
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Fig. 13 



SET ALLOWABLE MAXIMUM 
TEMPERATURE AND SUITABLE 
TEST TEMPERATURE 








MONITOR TE 
OF ALL CHI 


MPERATURES 
PS 



50! 



502 



503 



IS THERE CHIPS 
OF SET ALLOWABLE MAXIMUM 
TEMPERATURE ? 



YES 



STOP ALL ELECTRIC POWER 
SUPPLY 



504 



505 



HAS TEMPERATURE NO 
FALLEN TO SET SUITABLE TEST^ 1 ™ 
TEMPERATURE ? 





YES 


START ALL ELECTRIC POWER 


SUPPLY 





—506 



• i 



EP 0 523 736 A1 



Fig. 14 
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Fig. 16 
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